With a view to improving treatment response and the quality of life of cancer patients, this study investigated the clinical efficacy of combining lentinan, a flavonoid compound with antitumor abilities, with traditional chemotherapy in individuals with esophageal carcinoma (EC), with a particular focus on its effect on immune function.
Introduction
Esophageal carcinoma (EC), a malignant tumor affecting the squamous epithelium of the esophagus, occurs commonly in China. Indeed, China has one of the highest incidences of and mortality from this type of cancer: the average annual mortality rate is 14.59/100,000, making it the fourth deadliest malignancy (1) . Currently, EC is treated with combined surgery, radiotherapy and chemotherapy. While these treatments present efficacy in treating EC, they also result in toxicity and other side effects (2) . Therefore, intensive research into alternative therapies is required to improve the quality of life of patients and to prolong survival time in EC.
Traditional Chinese medicine has unique advantages in the comprehensive treatment of cancer. Several traditional Chinese medicines have antitumor, antimutagenic and immunoregulatory functions (3) . A notable example is the compound lentinan, a flavonoid extracted from shiitake mushrooms, which is used particularly in combination with conventional chemotherapy as an adjuvant. A biological-response modifier, lentinan enhances immunity, improves efficacy, reduces toxicity and improves the quality of life during chemotherapy (4) . Although lentinan has been applied to the treatment of colon, gastric and liver cancers, no evidence exists for its efficacy as an adjuvant in the treatment of EC. Since EC is a common and fatal disease, we sought to explore the clinical efficacy of lentinan combined with chemotherapy in patients with EC. Furthermore, we investigated the effect of lentinan Combination therapy with lentinan improves outcomes in patients with esophageal carcinoma with chemotherapy on host immune function by assaying serum cytokines IL-2, IL-6, IL-12, IL-4, IL-5 and IL-10. 60 points) were used to assess the general condition, the symptoms and signs, and the quality of life of the patients, respectively, prior to and following each of the 2 treatment courses. Clinical efficacy was determined before and after the two courses of treatment using WHO objective efficacy criteria for solid tumor treatment (5); the following five grades were included: complete remission, partial remission, improvement, disease stability and disease progression. The double-antibody sandwich ELISA (DAS-ELISA) was used to detect serum IL-2, IL-6, IL-12, IL-4, IL-5 and IL-10 levels, according to the manufacturer's instructions (R&D Systems, Minneapolis, MN, USA).
Patients and methods

Patients
Statistical methods. SPSS13.0 statistical software was used for statistical analysis; all results are expressed as the means ± standard deviation. Analysis of variance with repeated measures was used to compare differences in the general condition, the signs and symptoms, and the quality of life scores, as well as the serum cytokine levels, between the two groups. Non-parametric Mann-Whitney U test was used to compare efficacy between groups. Analysis was performed with a two-sided test, at α level 0.05, with P<0.05 considered to be statistically significant.
Results
Lentinan therapy improves outcomes in patients with EC.
The clinical condition of patients with EC was assessed prior to chemotherapy, as well as following each course of treatment. Scores reflecting the general condition (KPS), the symptoms and signs (ZPS) and the quality of life (QOL) of the patients following each of the 2 treatment courses, were significantly better than scores prior to treatment for patients in both the control (tegafur only) and experimental (tegafur plus lentinan) group (P<0.05; Table I ). However, improvement in each of these measures was greater in the experimental group than in the control group (P<0.01). Clinical efficacy of each treatment paradigm was determined based on the WHO criteria for solid tumor treatment and included the following five grades: complete remission, partial remission, improvement, stability and disease progression (Table II) . Following 1 course of tegafur alone (control), we observed 1 case with partial remission, 3 cases with improvement, 17 cases with disease stability and 4 cases with disease progression. Following 1 course of tegafur combined with lentinan (experimental), we observed 2 cases with partial remission, 5 cases with improvement and 18 cases with disease stability. However, these differences were not statistically significant. Following 1 treatment course, there were 2 cases with partial remission, 4 cases with improvement, 17 cases with disease stability and 2 cases with disease progression in the control group, and 4 cases with partial remission, 9 cases with improvement and 12 cases with disease stability in the experimental group. In contrast to the outcomes following 1 course of treatment, clinical efficacy was significantly better following 2 courses of tegafur plus lentinan than tegafur alone (U=2.156, P=0.0031).
Serum cytokine levels are altered following treatment for EC.
To determine the mechanism behind the enhanced improvement following combined therapy, we investigated the immune responses of the patients by assessing the levels of serum cytokines. Serum cytokines in patients with EC were detected using DAS-ELISA prior to and following each treatment course. Serum IL-2, IL-6 and IL-12 levels increased (Fig. 1A-C) , while serum IL-4, IL-5 and IL-10 levels decreased (Fig. 1D-F) in patients of both groups following each course 
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of treatment compared to levels prior to treatment (P<0.05). Of note, these changes in serum cytokine levels were greater with the lentinan treatment (experimental group) than without (control group; P<0.05).
Discussion
Decreased immune function is a major factor leading to the occurrence of malignant tumors. Antitumor immunity is mainly cell-mediated immunity, in which T lymphocytes play a central regulatory role (6) . Lentinan, a glucan isolated and purified from mushrooms, is an immune enhancer that affects the function of T cells and macrophages, promotes proliferation of T and B lymphocytes, and increases activity of natural killer (NK) cells (4,7). Thus, the application of lentinan in cancer therapy enhances host immunity and tumor-fighting ability. Indeed, in combining lentinan with traditional chemotherapy in patients with EC, we observed greater improvement in the general condition, the signs and symptoms, and the quality of life over traditional chemotherapy alone. Additionally, the clinical efficacy (assessed as tumor remission, stability or progression) in patients receiving lentinan in addition to traditional chemotherapy was significantly better than traditional chemotherapy alone after just 2 courses of treatment. Thus, the addition of lentinan to the chemotherapy regimen improves the quality of life and the outcomes of patients with EC. To determine the mechanism by which lentinan treatment results in better outcomes in EC therapy, we investigated the immune function by assessing serum cytokines. Cytokines have pro-or anti-inf lammatory activities (or both). Pro-inflammatory cytokines such as IL-2, IL-6 and IL-12 help activate the immune response and therefore minimize tumor development or progression. IL-2 participates in the inflammatory response and has antitumor effects (8) . IL-6 has been shown to affect occurrence and development of EC, fighting tumors through mobilization of antitumor immune mechanisms or by direct effects on cancer cells (9) . IL-12 activates NK cells, enhances PHA-induced lymphoblast proliferation, promotes synthesis of pro-inflammatory cytokines IFN-β and TNF-α by Th1 cells, and inhibits synthesis of anti-inflammatory cytokines IL-4, IL-5 and IL-10 by Th2 cells (10) . By contrast, anti-inflammatory cytokines such as IL-4, IL-5 and IL-10 are immunosuppressive. IL-4 and IL-5 are produced by Th2 cells and are able to inhibit proliferation of Th1 cells and other immune responses (11) . IL-10 is a cytokine synthesis inhibitor, a strong immunosuppressive factor with multi-directional biological activities and an ability to change the body's immune response or MHC class II antigen expression and mediate mutual regulation between Th1 and Th2 cells (12) . Indeed, in the presence of mononuclear cells, IL-10 directly inhibits T cell proliferation and cytokine production (13) . Furthermore, IL-10 plays an important role in the occurrence of dendritic cell dysfunction and immune escape in patients with EC (14) .
In the present study, we showed that the serum levels of pro-inflammatory cytokines IL-2, IL-6 and IL-12 gradually increased following each course of treatment, but particularly for those treated with lentinan as well as tegafur, indicating an up-regulation of the immune response. Concurrent decreases in the serum levels of anti-inflammatory cytokines IL-4, IL-5 and IL-10 support this hypothesis. Thus, when combined with traditional chemotherapy, lentinan improves immune function in patients with EC. This up-regulation of the immune response may be responsible for the larger improvements in the clinical condition/quality of life and efficacy in these patients compared to those treated with traditional chemotherapy alone.
In conclusion, lentinan improves the general condition, the signs and symptoms, and the quality of life of patients with EC and improves their clinical outcomes. Lentinan acts by up-regulating pro-inflammatory cytokines and down-regulating anti-inflammatory cytokines. These positive results, combined with the safety and the lack of apparent side effects of this treatment, render lentinan a promising adjuvant chemotherapy.
